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FOREWORD 


This report was prepared by the tteDonnell Aircraft Company (MCAIR), a 
division of the McDonnell Douglas Corporation, St. Louis, Missouri for the 
Rational Aeronautics and Space Administration, Dryden Flight Research Center, 
Edwards, California. The study was performed under NASA Contract NAS4-2364, 
”F-15 Inlet/Englne Test Techniques and Distortion Methodologies Study.'* 

The work was performed from March 1977 through February 197& with Mr. Jack 
Nugent (NASA/Dryden) as Program Monitor and Mr. Harvey Neumann (NASA/Levis) 
as Technical Monitor. Special acknowledgei^nt Is due Mr. T. Putnam (NASA/ 
Dryden) for his constructive criticisms and suggestions. 

The effort at McDonnell Aircraft Company was conducted under the tech- 
nical leadership of the Engineering Technology Division. In addition to the 
authors listed on the cover, other MCAIR personnel that made significant 
contributions to this program were Mr. Edward Smith, Mr. Lee Weltmer and 
Mr. Mark Sawyer. Special acknowledgement Is due Mr. Hershel Sams for his 
reviews and suggestions. 

Significant subcontract support was provided by Mr. Wayne Walter and 
Mr. Lew Hayward of Pratt & Whitney Aircraft (P&WA), Government Products 
Division, under the direction of Mr. Frank Thompson. 

This report consists of nine volumes. Technical discussions of the 
program, results and Appendices A and B are presented in Volume I (NASA CR 
144866),. Appendices C through J are presented In Volume 11 through IX (NASA 
CR 144867-144874) which present the distortion analysis plots and the assoc- 
iated statistical functions used for the analyses. 
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SUMMARY 


Recant emphasis on increased maneuverability requiirements for fighter 
aircraft has necessitated an extensive engineering developn^nt effort be 
directed towards Inlet/engine compatibility* Inlet/engine compatibility must 
be assessed early in the aircraft developnwnt program to allow necessary 
inlet and engine design modifications to be defined and iaq>lemented at minimum 
cost impact. This early assessment of inlet/engine compatibility is determln-* 
ed by engine stability audits computed using inlet distortion levels from 
subscale inlet model data and engine sensitivities to inlet distortion. 
Therefore, the accuracy with which subscale inlet model distortion levels 
predict flight test vehicle distortion levels is a crucial element in assess- 
ing inlet/engine compatibility. 

The primary goal of this distortion methodologies study was to determine 
if time variant distortion data taken from a subscale inlet model can pre- 
dict peak distortion levels for a full scale flight test vehicle. The data 
base us'!d to accomplish this goal was collected in separate programs by MCAIR 
and NASA/Dryden. Subscale and full scale wind tunnel data were collected by 
MCAIR during the F-IS development program, and flight test data were collected 
by HASA/Dryden during the NASA F-15 inlet/engine compatibility flight test 
program. This data base has a tlach number range of 0,4 to 2.5 and an angle 
of attack range from -10 degrees to +12 degrees. 

The primary objectives accomplished in meeting the overall program goal 
were to determine the effects on peak distortion of: (1) Reynolds Number/ 

scale. (2) engine presence and (3) frequency content. In addition, the capa- 
bility of the P&WA stability audit system to predict engine stalls was 
evaluated, and the capability of Melick's procedure, Reference (1), to pre- 
dict peak tln» variant distortion levels was evaluated. Using the Pratt and 
Uhltney Aircraft distortion descriptor, Ka 2 * <^&ca Indicate the following 
significant results for the F-15/F100 inlet/engine propulsion system. 

o Peak time variant distortion from subscale inlet model wind tunnel 
tests are representative of full scale flight test distortion. 

o The time variant pressure data of this study are random stationary 
data, thereby allowing valid statistical analyses to be conducted. 

The effect of the engine presence on total pressure recovery, peak 
time variant distortion and turbulence level is small but favorable. 

o The Reynolds numher/scale evaluation indicates a general trend of 
increasing total pressure recovery, decreasing peak tlTO variant fan 
distortion and decreasing turbulence with increasing Reynolds number/ 
scale. 

o The frequency content evaluation indicates that peak time variant 
fan distortion and turbulence increase with increasing filter cutoff 
frequency for all of the data evaluated in this study. 

o The capability of the Pratt & Whitney Aircraft stability audit system 
to predict engine stalls has been verified for both stall and non- 
stall flight test condltlixis. 


0 Prsdlctlons of puk distortion ‘vwluos using Mellck's procsdure are 
accurate to 11.3 percent average error for fourteen data points 
having noiBlnal turbulence levels and are accurate to 20 percent 
average error (the maxiaum error approaches 40 percent) for ei^ 
data points having high turbulence levels. 
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APPENDIX H 


CROSS-CORREUXION FUNCTIONS 

Pres«nt«d htr«ln ar« ch« cross-corralaclon function plots which hava 
bean ganaracad for tha same sat of high response pressure probes as the 
cross spectral density (CSD) plots. Tha cross-correlation function plots 
and (SD plots are used in the evaluation of Malick's procedure which predicts 
most probable peak distortion values. 

Tha cross correlation coefficients for the wind *-y^nel data have not 
been normalized in the traditional method, but have been normalized by the 
standard deviation at lag time equal to zero (t ■ 0). To obtain the unnor- 
malized cross correlation function, multiply the plotted coefficient by the 
standard deviation at lag time equal to zero that is listed on each plot. To 
obtain the traditional normalized cross-correlation coefficient, divide the 
unnormalized cross correlation function by the square root of the product of 
the individual probe standard deviations listed on each plot. 

The cross correlation functions for the flight test data have not been 
normalized. To compute the traditional cross-correlation coefficient, cake 
o. square root of the value from Che plot and divide by the square root of 
product of the individual probe standard deviations listed on each plot. 
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SUMMARY OF HIGH RESPONSE PROBES INVESTIGATED FOR 
CROSS-CORRELATION FUNCTION PLOTS 


FIGURE 

NUMBER 

DATA 

POINT 

IDENT. 

NO. 

*PART-POINT 

MODEL 

SCALE 

PROBES ANALYZED 

1 

5 

164-1 

l/6th 

L3R2 

L3R3 

L3R5 

2 

7 

421-10 

FLT 

L8R2 

L8R3 

L8R6 

3 

18 

157-5 

l/6th 

L3R2 

L3R3 

L3R5 

4 

19 

421-14 

FLT 

L1R2 

L1R3 

UR6 

5 

42 

206-9 

l/6th 

L6R2 

L6R3 

L6R6 

6 

44 

414-2 

FLT 

L6R2 

L6R3 

L6R6 

7 

60 

249-5 

l/6th 

L8R2 

L8R3 

L8R5 

8 

63 

385-2 

FSCP 

L1R2 

L1R3 

L1R6 

9 

65 

543-4 

FSE 

L8R2 

L8R3 

L8R5 

10 

66 

184-7 

l/6th 

L8R2 

L8R3 

L8R5 

11 

69 

413-12 

FSCP 

L8R2 

L8R3 

L8R5 

12 

70 

425-1 

FLT 

L1R2 

L1R3 

L1R5 

13 

79 

227-7 

l/6th 

L5R2 

L5R3 

L5R5 

14 

81 

465-8 

FSCP 

L8R2 

L8R3 

L8R6 


* FOR FI IGHT DATA, THESE ARE FLIGHT-RUN NUMBERS 
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TABLE H-1 
DATA MATRIX 
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DATA 

POINT 

1.0. 

NO. 

MODEL 

SCALE 

Q 

a 

(DEG) 

i 

P 

(OEG) 

.13 

(OEG) 

BYPASS* 

% 

WAT2 

RE NO. 

X 10"® 

ANALYSIS 

TIME 

(SEC) 

PART-POINT •• 

34 

mm 

wwm 

El 



10 

27.6 

C 

( 

913 

197 

160 

423-4 

3S 

Isl 

WEm 

El 

18 

17 

27.8 

C 

» 

914 

1.52 

0.60 

423 3 

3S 


El 

mo 



7.0 

116 

C 

716 

145 


■hbbi 

37 

111 

19 

10.0 

■ 


7.0 

116 

C 

107.9 

145 



3t 

FLT 

1.18 

7.7 

Bfl 


11.0 


74.0 

EH 

HQH 

esssh 

39 



1.2 

7.4 


7.1 

11.1 

■ 

H 

94.4 



BSSB 

40 



1.17 

10.8 

10 

7.0 

11.0 

B 

B 

1014 

1.40 

HBH 

IKSbEHI 

41 


1.54 

1.5 

0 

-1.4 

El 

Auto 

95.4 

117 

160 

424-6 

42 


1.6 

-4.0 

■ 

■ 

-10 

El 

C 

87.3 

mrm 

■SB 


43 

1/6th 

1.6 

-4.0 

■ 

■ 

-10 

IE! 

C 

919 

■B 

WSEM 

ikbh 

44 

FLT 

1.57 

-3.6 

17 

-13 

117 

C 

813 

1.46 

185 

414-2 

4S 

10^ 

1.8 

-ZQ 

■ 

■ 

El 

17.4 

C 

IB 

mm 


11^11 

46 

IBi 

1.8 

-10 

■ 

■ 

BQ 

17.4 

C 

19 

mSm 



47 

FLT 

1.75 

-16 

14 

-12 

16.7 

c 

80.7 

1.41 

1.23 

415-1 

48 

FSCP 

1.8 

-10 

■ 

■ 


18.7 

■eh 

75.1 

1.45 

^B 

353-15 

49 



j 

-10 

■ 

■ 

-10 



■ 

m 

812 

1.45 


353-5 

so 



1 

-10 

■ 

■ 

gfl 



■ 

^1 

85.4 

1.44 


353-12 

51 

FSE 

1.8 

-10 

■ 

■ 

-19 

18.6 




1.46 

■n 

523-2 

S2 

FSE 

1.8 

-10 

iB 

■ 

-19 

18.6 

C 

79.8 

1.46 

■s 

525-4 


FLT 

1.81 

-13 

mm 

-19 

18.2 

c 

78.9 

1.53 

1680 

416-1 

54 

FSCP 

1.8 

IBI 


15 

18.7 

c 

719 

1.45 

1800 

355-8 

55 

FSE 

1.8 

4.0 

0 

15 

lEI 


P 

818 

1.46 

1800 

528-2 

56 

FSE 

1.8 

4.0 


15 

l■fT■ 


f* 

717 

1.46 

1800 

5294 

57 

FLT 

2.0 

IS 

12 

13 

219 

Auto 

77.0 

1.72 

1800 

425-2 


**For flight test, these data are flight-run numbers 


TABLE H-1 (Continued) 
DATA MATRIX 
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*0 = Open, C 
**Fof flight test. 


Closed, P Purtial 
these data arc flight 


-run numlwrs 


TABLE H-1 (Concluded) 
DATA MATRIX 
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SERIES VII • NASA DATA STUDY 


DATA MMT/^NT 1M/1 lOCNT. ■ MIOUtNCY AANdl •<» 12000 Hi 

TMI SIOMINT tTAAT T1MI WAS AT 22:11:12.000 

lANOWlOTN > 12.2 Hi MCOHO LINOTM > 10.0 SICONOS 


ORIGINAL PAGE 18 
OF POOR QUAUTY 


MACH 

0.S 


ALPHA 

>10 


•STA 

10 


RHO 

- 2.0 


0SLTA2 

10.S 


iVPASS 

0.0 


WAT2 

t7.2« 


aw 

-11.7 


imA-SJMSMi 

.• r 


(s) Pr obos 13 R2, L3R3 








MK 






SERIES VII - NASA DATA STUDY 


DATA AAAT/rOINT 1*4/1 lOINT. S mfOUfNCV NANOf > *.12000 Ht 

TNI MQMINT ITART TIM! WAI AT 22; 11:12.000 

•ANOWlOTH ■ 12.2 Ht MCOflO LfNOTH « 10.0 SiCONOI 


MACH ALINA 

0 .* -10 


■ITA INO 0ILTA3 lYIAM 

10 -3.0 10.* 0.0 


WAT2 

*7.2% 


CIW 

-11.7 


1PSIA«*JB4*kl* 



MOnMALtZfD 

CROSS-CORRSLATION 

COEFFICIENT 

tr • 01 



LAO TIME e SECONOSI 


FIGURE H*1 (Continusd) 
CROSS-CORRELATION FUNCTIONS 
Mo = 0.6 tts-10 ;3 = 10 WAT2 = 97.2% 
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FLIGHT - NASA DATA STUDY 


ORIGINAL PAGE IS 
OP POOR QUALITYi 


DATA FUaHT/ RUN 421/10 lOfNT. 7 FRCQUINCY RANQI ■ 4 — 2000 Hi 

THI StQMINT START T1MI WAS AT 21:OS;24.SSO 

SANOWlOTM • 4.0 Hi RICORO LSNOTH ■ 1.0 SICONOS 


MACH ALFHA ilTA 

O.SS — S.8 10._S_ 


alt RHO 

12142(300401 O.S 


0SLTA3 BYPASS WAT2 

10.B 0.0 101.2% 


1 psia ■ 6.8948 KPa 


(i) Probw ■ L8R3, L8R6 


.622 1 

1 ^LaRaOLSRa* 4”^ ikpii^, .0112 ipsiai^ I 

®2aR3 « LSRa ■ 01 •*r01431 (KF»I*.-000301 IPSlAt^ 1 

I* I 

.311 

^^**t2*RMS * 10 ’ 

.A. vvi 

V. 1 ( » V"’ ■' 

0.00 ; 

V . ' V - ’ • . . 

; .■ - - 

(kPa^l I 

I-... • V 

I 

f '• / ■> 

-.311 ' 

*! '... • ’ ' i 

» T j 


' .V 1 

1 

1 


..622 

0.00 .010 . 020 .030 .040 .050 


Lag Time (S«cond$) 


RMS * 
(kPi^) 


(b) Probtt - L8R6, L8R3 

^ Rwa otana • Mat i<Pnf .0112 ipsui^ 

‘’lBRS « LaR3 I*' • 01 • .0143; (KPi)2. 000301 (PSIA 1 2 


.311 - - 

I 



-.311 ■ 


-.622 

0.00 -.010 -.020 -.030 -.040 -.050 

Lag Time (Seconds) 


FIGURE H-2 

CROSicORR ELATION FUNCTIONS FOR 
Mo - .69, a - -8.5, *3-10.5, WAT2 - 1 01 .2% 


ciw 

-s.sia 








o 


MACH 

0.18 


FLIGHT - NASA DATA STUDY 


ORIGINAL PAGE IS 
OF POOR QUALITY 


DATA PUQHT/ RUN 421/10 lOINT. 7 MIQUINCY RANQI ■ 4 - 2000 Hi 
THI SICMINT START TIMS WAS AT 21 08:24 SSO 


8AN0WI0TH • 4.0 Hs 


RICORO LINOTH ■ 1.0SIC0NOS 


ALRHA 

- 8.8 


8ITA 

10.8 


ALT 

12143(28840) 


RHO 

0.8 


08LTA3 

10.1 


SYRASS 

0.0 


WAT2 

101 . 2 % 


1 p«ia ■ 6.8948 KPa 
1.198 




IkPa^) 


(e) ProbM - L8R2, L8R3 


*L8H2 

<'28R2« L8R3 ■ 0) ■ OMM (KPal^, .003047 (PSIAI^ 


.599 


0.00 








CIW 

-8.813 


-.599 


O 


-1.198 


0.00 .010 .OM .030 

Lag Time (Seconds) 


.040 


.050 




1.198 


(d) Probes ■ L8R3, L8R2 


**L8R3 *>L8R3 ■ 2S7 6 (KR«i^. 00542 IPSIAI^ 

»L8R3 I L8R2 'r - 01 ■ 09828 002067 'PSIAI^ 


.599 


(kPa^) 


0.00 • 




-.599 


o 


I 


-1.198 


0.00 -.010 -.020 -.030 

Lag Time (Seconds) 


-.040 


-.050 


FIGURE H-2 (Continued) 
CROSS-CORRELATION FUNCTIONS FOR 
Mo -.69. a --8.5, 4-10.5, WAT2- 101.2% 
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ORIGINAL PAGEIS 
OF POOR QUALITY 


FLIGHT - NASA DATA STUDY 


OATA^UaHT/RUN 431/10 lOINT. 7 mtOUINCY RANdl • 4 

TMI aiQMINT START TIMI WAS AT 21:Ot;24.8SO 

■ANOWlOTM • 4.0 Ht RICORO LSNOTH ■ 1.0 SICONOS 


12142 (3SS401 


(t> Pfobw ■ L8R2. L8R6 


<*L8R2 OL8R6 ■•>810 (KPir. .00383 (PSIAI^ 

OL8R2 1 U8R8 (r ■ 01 • .008098 IKPill .0001 70 (PSIAI^ 


I —I'. 


Lag Time (Seconds) 


(f) Probes - L8R6, L8R2 


sns “I.8H2 ■ -'OIS I<Pii^."m383 'PSIAI^ 

fane « lsrs • oi - ooso98 iKPii^, ooono (psiai2 


Lag Time (Seconds) 


FIGURE H»2 (Concluded) 
CROSS-CORRELATION FUNCTIONS FOR 
, -.69, a --8.5, *3-10.5, WAT2 - 101.2% 



LAG TIMS ( SECONDS I 


FIGURE H-3 

CROSS -CORRELATION FUNCTIONS FOR 
0 = 0.9, a =—10. J = 10, WAT2 = 106.3% 


SERIES VII - NASA DATA STUDY 


NONMALIZEO 
CROSS- CORRELATION 
COiFFICUNT ■* 


DATA RART/ROINT 1I7/I IOSNT.lt FRIQUINCY RANQI • 1-12000 Hi 

THI SIQMINT START T1MI WAS AT 20;0S-47 000 

SAN0W10TN • 12.2 Mi RSCORO LiNOTH • 10 0 SICONOt 


I f- 


1FSiA>S.tt4SliFl 

(a) Probes L3R2, L3R3 


(b) Probes L3R2, L3R5 


030 040 050 060 

LAG TIME I SECONDS I 


normalized 


CROSS - COR RE LATION 


COEFFICIENT 














SERIES VII - NASA DATA STUDY 


DATA MRT/POINT 1B7/S IDENT IS FREQUENCY RANGE < S- 12000 Hi 

THE SEGMENT START TIME WAS AT 20 0S 47 000 

•ANOWtOTH > 12.2 Hi RECOHO UNUTH > 10.0 SECONDS 


ISACH 

0.S 


AIRHA SETA HHO 

—10 10 “JO 


DELTAS SYRASS WAT2 

10.S 0.0 IOS.3% 


CIW 

-S.0 


1RSIA-S.B94SliFi 


•AIRMAUZED 

CROS.S-CORRELATION 

COEFFICIENT 

Oiy (r| 

Syy <r • 01 


(c) Probes L3R3. L3R5 



l AC TIME ( SECONDS ) S 


FIGURE H-3 (Continued) 

CROSS-CORRELATION FUNCTIONS FOR 
Mo = 0.9, « - —10. p 10, WAT2 106.3% 


U 



FLIGHT - NASA DATA STUDY 


ORIGINAL PAGE IS 
OF POOR QUALITY 



DATA fUaMT/ RUN 4ai/*4 lOINT. It RRIOUINCY RANUI • 4 - 2000 Hi 
TNI SICMINT START TUMI WAS AT 21:11:07.140 
lANOWlOTM ■ 4.0 Hi RICORO LINOTM • 1.0 SICONOS 

MACH ALRMA IITA ALT RHO OILTA3 lYRASS WAT3 

0S4 -S.S 10.2 13402(431701 1.0 10.1 0.0 107.1% 

1 piia ■ 6.8948 KPa 


ciw 

- 1.000 




(bl Probw ■ LI R3. LI R2 


R3 "LI R2 * 00854 iPSlAi^ 

1.67* L1R2''“0I* C0328*PSIA|7 

7 1 

I. 



. g33 ■ 

0.00 -.010 -.020 -.030 -.040 -.050 

Lag Tim« (S«conds) 


FIGURE H-4 

CROSSCORRELATION FUNCTIONS FOR 
Mo -.94, a --8.9, ^-10.2, WAT2 - 107.1% 
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i k i i { » • 


FLIGHT - NASA DATA STUDY 


ORIGINAL 

OF POOR QUALTHI 


DATA PUOHT/ NUN 4S1/14 lOfNT. 1* MIQUINCY NANOI • 4 - 2000 Hg 
TMI StaMINT STANT TIMI WAN AT 21:1«;07.140 
•ANOWlOTM a 4.0 Nt NtCONO LINOTM ■ 10 SICONOt 


MACH 

O.M 


ALNNA 

-a.o 


■CTA 

102 


ALT 

13402 (43N70t 


NNO 

1.0 


0II.TA2 

10.1 


■VNAM 

0.0 


WAT2 

107.1H 


1 piia ■ 6.8948 KPa 
1.27 


(c) Probai ■ LI R2. LI R6 


.849 




(kPa^) 


0.00 


« 

l,tN2®U1Na* S33#IKNi|2 .0112(RSIA|2 , j 

llN2 a LINi '5 •J’T 001517 (RSlAI* 1 

1 

f 

' 

: .V» V-' • 

'IV • 

' - * ' ^ , .1 
’ f i / • / ‘X . VV‘ . 

1 , , 1 J* I-.*.. ''''ft '> 

yt’' ' ■; " *v 1 

I ' " ' 


-.425, 


ow 

-a 000 


0.00 .010 .020 .030 

LJO Tima (Saconds) 


.040 


.050 




IkPi^l 


(d) Probas- L1R8, L1R2 

1.27 

0112'»8IA|2 

34g . _ . ’’UR6. LIR2'^"0l* 001517iaSlA|2 


f. 



.425 

0.00 -.010 -.020 -.030 -.040 -.050 


Lag Tima (Saconds) 


FIGURE H>4 (ContinuNd) 
CROSS-CORRELATION FUNCTIONS FOR 
Mo-,94, a --8.9, ;-10.2, WAT2- 107.1% 
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FLIGHT - NASA DATA STUDY 


0ILTA3 

10.1 


(•> Prebtf L1R3, L1R6 


®Ut»3»U«e* *W 1 "‘^•1^0107 (WlAl' 

■ UR6 • 01 • _09061 ,00190« (WIA)^ 


Lag Tim* (Seconds) 


(f) Probi • LI R6. LI R3 


*LtA3 • 5091 0107 PSIAI* 

■^L1R6 ■ L1«3 *»' * 01 • 09061 (KA».^ .001906 ASlAi^ 


Ljg Tim* (Seconds) 


FIGURE H-4 (Conciudod) 
CROSSCORRELATION FUNCTIONS FOR 
-.94, <3 --8.9. 3-10.2, WAT2- 107.1% 





SERIES VIII - NASA DATA STUDY 


DATA FART/^INT 2M/> lOCNT. 43 miaUINCY AANQI • f-12000 Hf 
THI SCOMf NT STAAT TIMC WAS AT 03:30:01 000 
■AN0WI0TN< 12.2 Ht RCCONO LENGTH > 10.0 SCCONOS 


(a) ProbM L6R2, L6R3 


CROSS- CORRELATION 


COEFFICIENT 


(b< P obos L6R2, L6R6 


CROSS- CORRE LATION 


COEFFICIENT 


FIGURE H-5 

CROSS -CORRELATION FUNCTIONS FOR 
Mo = 1.6, cr=-4, p=0, WAT2 = 96.9% 








SERIES VIII 


NASA DATA STUDY 


DATA MMT/M)INT 20«/« IOENT 43 MCQUINCY RANQI • ••12000 Hi 

TNI Sf QMCNT START TIMI WAS AT 03:30;0l.000 

■ANOWlOTM • 12.2 Hi RfCORO LCNQTH ■ 10 0 SfCONDS 


MACH ALPHA 

1 .« -4 


• CTA . RHO 0ILTA3 IVPASS 

0 -2.0 13.S 0.0 


WAT2 

9«.S% 


CIW 

- 12.0 


1 PSIA««.nMkPi 


NORMALIZID 

CROSS-CORRELATION 

COfPFICIENT 

9iy Irl 
(r • 01 



LAG TIME I SECONDS I 3 


FIGURE H>5 (Continued) 
CROSS-CORRELATION FUNCTIONS FOR 
Mg = 1.6, a=-4, ^=0, WAT2 = 96.9*'o 
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MACH 
1 S7 


FLIGHT - NASA DATA STUDY 


WHIGINAL 

OP POOR quality 


DATA PUOHT/RUN 414/2 lOfNT. 44 FHIQUINCY RANai ■ 4 - 2000 H* 

THI SIQMINT STANT TIMfl WAS AT 20:1S;4S.S20 

SANOWtOTH ■ 4.0 Hi RICORO LINCTH ■ 1.0 SICONOS 


ALRHA 

-3.S 


IITA 

O.S 


ALT 

171S7I8S2SOI 


1 psia ■ 6.8948 KPa 
1.18 






.884 f 


.589 r 

!l 


.294 




RHO 

- 2.3 


OKLTA3 

13.7 


■TRASS 

0.0 


WAT2 

89.3% 


(a) Probas - L6R2, L6R3 


**L6R2 «L6R3 * 2034 (KPi|2 .00428 (PSIA|2 
‘'L8R2 X L8R3 <«■ “ 0) • 07S21 (KRi»2 001 5S3 !RSIAt2 


aw 

-20.80 


0.00 


0.00 .010 .020 .030 

Lag Time (Seconds) 


.040 


.050 


**^^12* RMS * 10^ 


1.18 


.884 


(b) Probes - L6R3, L6R2 


®L6R3 '»L8R2 * 2034 (KRi(2, ‘06428 (PSU)2 
’LoR 3 X L6R2 <r • 01 • 07521 (KP*|2 . 001582 1PSIA|2~ 


(kPa^) 


.589 • 


.294 


1 


0.00 


U.OO -.010 -.020 -.030 

Lag Time (Seconds) 


-.040 


-.050 


20 


FIGURE H-6 

CROSS-CORRELATION FUNCTIONS FOR 
Mo-1.57, a --3.6, >3-0.6, WAT2 - 89.3% 


FLIGHT - NASA DATA STUDY 


MACH 

1.S7 


DATA 7UQHT/ RUN 414/2 lOINT. 44 PMaUINCY RANQI • 4 - 2000 Hi 

TMt SIQMINT START TIMS WAS AT 20: 1 6;4S.S20 

SANOWlOTH ■ 4.0 Hi RICORO LSNQTN ■ 1.0SSCONOS 

ALPHA ICTA ALT RHO 0ILTA3 PYPASS WAT2 

-2.S O.S 171S7IBS2S0I -7.2 13.7 0.0 SS.3% 


1 psia ■ 6.8948 KPa 


.713 


(c) ProbM - L6R2. L6R6 


•^^t2'RMS * 10^ 




.535 


«L6R2 <»LeR6 ■ 2328 IKPil^, .00490 (PSIA)2_ 

*^*882* L6R8 ■ 01 • .04808 TkP*» 2, .001011 IPSIAl^ 


•'t. 


.357 ‘•rV‘;'^-* 7 V':AY‘ri>»'.Yt-.. r ' ' ■ ’ •' ' 

r’ ' ^'1 I '.■•'‘"•.■Vr I. - - •. 


.178 


0.00 


0.00 .010 .020 .030 

Lag Time (Seconds) 


.040 


.050 


**^**12’ RMS 
IkPa^) 


.713 
.535 
.357 
.178 
0.00 

0.00 -.010 -.020 -.030 -.040 -.050 


(d) Probes ■ L6R6, L6R2 

®L6R8^L6R2 ^2328jKP«l^.0O49O IPSIAI^ 

'^^ne A L8R2 ■ 0> ■ 04006 (KPa»2 .00101 1 (PSlAI^ 


lU 4 pr<i M , » jt. M 


Lag Time (Seconds) 


FIGURE H-6 (Continued) 

CROSS-CORRELATION FUNCTIONS FOR 
Mo -1.57, a --3.6, ^-0.6, WAT2 - 89.3% 


aw 

-20.80 
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PLIGHT - NASA DATA STUDY 


ORIOLNAL 
OF POOR QUAlITYi 


MACN 
1 87 


DATA 8UGHT/NUN 414/2 lOfNT. 44 PRIQUINCY HANOI • 4 > 2000 Hi 
TNI SIOMINT STANT T1MI WAS AT 20:11:44.120 
lANOWlOTH* 4.0 Ml HICOND LINOTH • 1.0SICONOS 


AL7HA 

- 2.4 


IITA 

0.4 


ALT 

ITT 87 (84280) 


1 psia - 6.8948 KPa 




(kPi^) 


.670 r 


.503 


» 'll 


RHO 

-2.3 


0ILTA2 

13.7 


8YPASS 

0.0 


WAT3 

8S.3H 


(a) ProbM • L6R3, L6R6 


*L6R3 "LBH8 7 2629 (KPi) ^, 00883 IPSI AI^ 

1 L6R8 (r ■ 01 - .03965 IKPal^, 000633 IKIA)^ 


.335 f • I’*; “r"';’ • •• 

1 . U.I ;.i,, .. j ■■ I . » ..., .* . .1 ' 

• ‘ •ti’J.'.'i.' j •/ * •. V .. 


' .1 
“ • * ’ . .. 


.168 


0.00 


0.00 .010 .020 030 

Lag Time (Seconds) 


.040 


.050 


(kPa^l 


(f) Probes - L6R6. L6R3 


*L6R6'»L6R3“ 2629(KPi|2 00553 (PSIAi* 

®L6H6 X L6fl3 •i’ “ 01 - 03956 (KPjl^, 000832 iPSIAI^ 


.503 • 


I 

1 « 



.168 • 

I 

I 

i 

I 

0.00 — 
0.00 



-.010 -.020 -.030 -.040 -.050 


Lag Time (Seconds) 


FIGURE H-6 (Concluded) 
CROSS-CORRELATION FUNCTIONS FOR 
Mo -1.57, a --3.6, - 0.6, WAT2 - 89.3% 


ciw 

-20.40 



SERIES VIII • NASA DATA STUDY 


■vMas 

0774(130 01 


(a) Probaa L8R2, L8R3 


CROaS- COMMLATIOM 


COiFRICIiNT 


LAG time iSECONOSI 


(b) Probaa L8R2, L8RS 


normalized' 


L|R2 'LERS* "ZaiKRii*. OOZ4 iKIAi^ - 
LMZ LIRE • O' • 0412 IKR«lf 00124 IRSIAI^ 


COEE«ICIENT 


LAO TIME ISECONDSI 


FIGURE H<7 

CROSS -CORRELATION FUNCTIONS FOR 
1 0 = 2.2, o = -2, ^ = 0. WAT2 = 65.0% 





[Z4 
» 


UH2 

g 


! -*1 

y. : 







‘i]j 






i. 


1 

— r 























SERIES VIII. • NASA DATA STUDY 


DATA AANT/AOINT lOCNT. M MIQUINCY AANQI • •-12000 Hi 

THI SlCMtNT START TIMS WAS AT OS: 1 f :St.OOO 
<ANOWIOTM« 12.3 Hi Rf CORO I f NOTH • 10.0 SfCONOS 


OCLTA3 
28 0 


(c) Probes L8R3, L8R5 


CROSS -CORRCLATION 


FIGURE H-7 (Continued) 

CROSS -CORRELATION FUNCTIONS FOR 
lo = 2.2, a = -2, ^ = 0. WAT2 = 85.0% 









OOMIPJIAI* 

’l?1R2 L1R3 <' • O' • 30«t IRRttf OIN41 IMIAI* 


(bl Probes LI R2 


NORMALIZIO 


CROSS- CORRELATION 


COEFEICIENT 


RCURE H-8 

CROSS-COR'^ELATION FUNCTIONS FOR 
« o = 2.2. a = -2, 3=0. WAT2 = 62.3«'o 


-J 

L- 

k.-M> 
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•n47lKf<|2 0049imA|2 I 
If* 01* 00237 'W4AI* 


NOHMAklZiO 


cnoa- C0HNILAT10N 


cotrricifNT 


*<OnMAklZIO 4 

CROn- CORRELATION 
COERRlCIENT 

2 

‘fty |r • 01 

0,0 


FIGURE H-9 


FSE- NASA DATA STUDY 


DATA RAHT/ROINT M3/4 lOINT. MIOUINCV HANOI • 4 • 2024 Hi 

TNI IIOMINT ITART TIMI MAI AT 13:12:07 000 

IANO«MOTN ■ 7 0 Hi RICORO UNOTH • 12 0 IICONOI 


(a) Probao L8R2, L8R3 


(b) Probei L8R2. L8R5 


020 040 040 3H 100 170 140 

LAG 'IMC I SECONOSI 


CROSS-CORRELATION FUNCTIONS FOR 
Mo ^2.2, a = -2. >3=0. WAT2 - 60.5»'o 


MUCH 

2.2 


ALAMA 

-2 


OITA 

0 


NHO 

-4 0 


OILTA2 

241 


■VRASt Wi 

0223 134 II 00 


1R»A«I.H4ahRl 


030 040 040 040 too .120 .140 

lag time I SECONOSI 





FSE- NASA DATA STUDY 


DATA PART/AOINT M3/4 lOtNT. •• 4MOUINCV AANOt • 4 • 2024 Ht 
TMI tlQMINT STAAT T1MI WAS AT 23;12:07 000 
■ANOWlOTM* 7 0 Hi AICORO UNOTH • 13.0 tiCONDI 


MACH 

2.2 


ALPHA 

-2 


MTA 

0 


AHO 

-40 


DILTA3 

24.0 


IVPASS 

0223 134 01 


1 ASIA • 0.0040 kfl 


(c) Proboo L8R3, L8RS 


VOAMALIZIO 
CROSS -COAAtLATION 

coirricitHT 


-4 ' ■— — 

aoo 020 


040 340 too m .140 

lag ^IMC I SCCONOS I 


FIGURE H-9 (Continued) 
CROSS-CORRELATION FUNCTIONS FOR 
Mo = 2.2. a = -2. J = 0. WAT2 = 6 0.5 
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SERIES VIII • NASA DATA STUDY 


DATA PMT/^INT 1M/7 I Of NT. M fNIQUtMCV AANQt 12000 Ml 

TMI ttaMtNT ITAMTTIMt WAf AT 20:22:12 000 

■ANOIMOTN • 12.2 Ml MCOAO UNOTM • 10.0 UCONOO 


L8R3 


LAO I SICOMOS I 


(b) Proboi L8R2 


L8R8 


COtTliCIINT 


LAQTiMt lUCONDSi 


FIGURE H-10 

CROSS -CORRELATION FUNCTIONS FOR 
Mo = 2.2, a = 0. 0 = 0, WAT2 = 69.3% 














SERIES VIII • NASA DATA STUDY 


(c) Probes L8R3. L8R5 


cnon- commilaticm 


3074 


LAG riMI iSICONOti 


FIGURE H-10 (Continued) 

CROSS -CORRELATION FUNCTIONS FOR 
Mo = 2.2, a = 0. *3=0. WAT2 = 6 9.3«« 














kill 


F8CP • NASA DATA STUDY 


DATA AANT 'POINT 411/11 lOINT tl PMOUINCY HANOI • 4 - 1024 Ml 

THI IIOMINT ITANT T1MI WAI AT 21 14: 1 • 000 

■ANOWIOTM • T f Ni MCOHO LINOTM *110 IICONOO 


ALPHA IITA 

0 0 


1P«A*I.IO«kPl 

10 r- 


NOPMAUnO 

Cnon-COAPILATION 

COfPPICIINT 


O OILTAl IVPASI 

0 22 • 0 0 

(■I Proboo L8R2. L8R3 

— ; — : — T 

. . . . * • 0 • f- f — 4- 




■-«- •• ■ I f- 

i ^ ■■■{■ •■■r- f. t -f 


I l -f-t- t : ! :-t- 

\i [-{■ •! }-i ' ' 

. \ 1. . . , "ClPl UA3 I' • O' • 1J** lAPli* 0241 (PKAt* 
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Mm 


r I 
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* - 1 
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J- 
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1 
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020 040 040 010 .too .1» .140 
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CPOtt-OOPAILATION 

;oiP»'Cii«iT 
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020 040 040 340 100 <20 140 140 

LAO riMI lUCONOIl 

FIGURE H-11 

CROSS-CORRELATION FUNCTIONS FOR 
Mo 3 2.2. a = 0. 3 = 0. WAT2 = 68.3S 















FUGHT - NASA DATA STUDY 


DATA PUQNT/flUN 421/1 lOCNT. 70 PMQUfNCY HANOI • 4 — 2000 Hi 
THI SIOMINT START TIMI WAS AT 08:0t:SS.I70 
BANOWlOTN > 4.0 Hi RICORO LINOTH ■ 1.0 SICONOS 


ORIGINAL PAGE IS 
OF POOR QUAlini 


ALT RHO OfLTAS 

1SI22(S4210t -2.2 22.S 


SVRASS 


1 psia ■ 6.8948 KPa 


**^**12* RMS* 10 ’ 


U) ProbM - LI R2, LI R3 


0.00 I 





-.060 ! 


Lag Time (Seconds) 


ib) Probes - LI R3, LI R2 


RMS * 10^ 



.060 I 


0.00 * 


J 


Lag Time (Seconds) 

FIGURE H-12 

CROSS-CORRELATION FUNCTIONS FOR 
Mo-2.21, a -0.1, >3-0.2, WAT2 - 73.0" 






’ j - j 




MACH 

2.21 


FLIGHT - NASA DATA STUDY 


ORIGINAL PAGE IS 
OF POOR QUAUre 


DATA rUOHT/ NUN 428/1 lOfNT. 70 WeaUBNCY NANOf ■ 4 - 2000 
THf SIQMINT STANT TIMI WAS AT 08:08:88.870 
8ANOVWOTN ■ 4.0 Hi N8CONO LSNOTH • 1 .0 SCCONOS 


ALNHA 

0.1 


BETA 

0.2 


ALT 

18823 1842101 


1 psil ■ 6.8948 KPa 
.064 




-1 


(kPa^) 


.032 * 


0.00 


-.032 ' — 


RHO 

- 2.2 


DELTAS 

22.8 


BYPASS 

0.0 


WATS 

73.0% 


(e) Probti ■ LI R2, LI R5 


*L1N2®L1N8“13^"<^'^. 07025 (PSIA)2 


*L1R2« L1R8*' "Ol *“3085 (KPi)2-0O649 (PSIA|2 


CIW 

-28.000 


-.064 


0.00 .010 .020 .030 

Lag Time (Seconds) 


.040 


.050 


* 10 “’ 


IkPa^) 


.064 


.032 


0.00 ' 


-.032 


(d) Probes - LI R5, LI R2 


®L1 R5 <»L1 R2 * 3.340 IKPitf 07025 .PSIA|2 

2 , 

'^L1R5» LIR2'’’*0I •"3085 tKPi|2-oo849 |PSIA)2 


-.064 


0.00 


-.010 


-.020 


-.030 


-.040 


-.050 


Lag Time (Seconds) 

FIGURE H*12 (Continued) 
CROSS-CORRELATION FUNCTIONS FOR 
Mg -2.21, a -0.1. (3-0.2, WAT2 - 73.0% 
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FLIGHT - NASA DATA STUDY 


ORl'^INAL PAGE IS 
OF POOR QUAUT* 


MACH 

2.21 


DATA PUQHT/nUN 428/1 lOtNT. 70 FHiaUENCY HANOI ■ 4 - 2000 Hi 
THI SIOMENT START T1MI WAS AT 08:OS;SS.S7C 
8ANOWIOTH > 4.0 Hi RICORO LINOTH ■ 1.0 SECONDS 

ALRHA SITA ALT RHO OILTA3 8YRASS WAT2 C!W 

0.1 0.2 16523 |84210l_ -2.2 22.9 0.0 73.0H -25.000 

1 piia - 6.3948 KPa 


.055 
.028 
0.00 

(kPa^) 

-.028 
-.055 

0.00 .010 .020 .030 .040 .050 

Lag Time (Seconds) 

(f I Probe* - LI R5 , LI R3 ~ 

'’LlflS«UR3"*3 ^s'(kP)|2 06552 (PSIA|2 
«L1f»5« L1R3"”0** ^86a(KPi|2 01024 (P5U|2 


010 -.020 -.030 - 040 -.050 

Lag Time (Seconds) 

FIGURE H-12 (Concluded) 
CROSS-CORRELATION FUNCTIONS FOR 

Mo -2.21, a -0.1, 3-0.2, WAT2 - 73.0% 
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(APrji 


12'RMS 


X 10 
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(kPa^) 


0.00 • 


-.028 ‘ 

I 


-.055 


0.00 


(•) Probe* - L1 R3, LI RS 


t', 


4 .113 "U RS * ^1 ' S IKPil^, .06552 (PSIAI^ 

'^L1R3 I L1R5 !5^t*.Tl024 (PSIAI^^.. 
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SERIES VIII • NASA DATA STUDY 


DATA PANT/POINT U7/1 lOCNT. 7« FMQUCNCY AANQC t ••12000 Hi 

TMI SIOMINT STANT T1MI WA« AT 20:27:47 000 

•ANOWlOTH ■ 12.2 Hi KfCORO L2NQTH • 10.0 StCONOI 


CIW 

- 21.0 


(a| Probos L5R2. L5R3 


COtMICIfNT 


XSA2 ’LSR3 


LAO TIME I SECONOSt 


(b) Probos L5R2. L5R5 


CROSS - CORRELATION 


COEMICIENT 


LAO TIME I SECONDS I 


FIGURE H-13 

CROSS— CORRELATION FUNCTIONS FOR 
Mo = 2.5, 0 = 0, Q = 0, WAT2 = 83.1% 
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FIGURE H-14 

CROSS— CORRELATION FUNCTIONS FOR 
M„ = 2.S, a=0, 3 = 0, WAT2 = 82.8% 
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FIGURE H-14 (Continued) 
CORRELATION FUNCTIONS FOR 
ot = 0. 3=0, WAT2 = 62.8% 





